The influence of genetic factors and cultural manage· ment conditions on the cell wall biopolymer composi1 tion of tobacco was investigated. Five tobacco cultivarS -Pennbel 69 (cigar filler), Catterton (Maryland), Coker 319 (bright), Burley 21 (Burley), and Little Sweet Orinoco (sun·cured) -were grown and cured under both flue-cured and dark fire-cured cultural management systems. The cell wall biopolymer compc;>sition of both freeze-dried mature (ripe) leaf and cured tobacco samples was determined by our standard fractionation proceduie. For all five tobacco cultivars the levels of most cell wall biopolymers in the freeze-dried mature leaf did not vary significantly as a function of cultural management conditions. However, for Pennbel 69, Catterton and Coker 319 changing from flue-cured to dark fire-cured growing conditions relatively lowered starch contents by values between 32% and 74% while increasing the quantities of ethanol solubles and protein. The following general trends were noted for changes in chemical composition as a function of curing: protein decreased, lignin increased, soluble ash decreased and insoluble ash increased. Coker 319 and Little Sweet Orinoco were found to be generally lower in pectin, lignin, and cellulose than the other cultivars regardless of cultural regtme.
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SUMMARY
The influence of genetic factors and cultural manage· ment conditions on the cell wall biopolymer composi1 tion of tobacco was investigated. Five tobacco cultivarS -Pennbel 69 (cigar filler), Catterton (Maryland), Coker 319 (bright), Burley 21 (Burley), and Little Sweet Orinoco (sun·cured) -were grown and cured under both flue-cured and dark fire-cured cultural management systems. The cell wall biopolymer compc;>sition of both freeze-dried mature (ripe) leaf and cured tobacco samples was determined by our standard fractionation proceduie. For all five tobacco cultivars the levels of most cell wall biopolymers in the freeze-dried mature leaf did not vary significantly as a function of cultural management conditions. However, for Pennbel 69, Catterton and Coker 319 changing from flue-cured to dark fire-cured growing conditions relatively lowered starch contents by values between 32% and 74% while increasing the quantities of ethanol solubles and protein. The following general trends were noted for changes in chemical composition as a function of curing: protein decreased, lignin increased, soluble ash decreased and insoluble ash increased. Coker 319 and Little Sweet Orinoco were found to be generally lower in pectin, lignin, and cellulose than the other cultivars regardless of cultural regtme. 
INTRODUCTION
Although tobacco has been one of the most thoroughly analyzed of all plant materials, tobacco cell wall biopolymers have received relatively little attention (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) . One recent advance has been the development of a general fractionation procedure for the separation and analysis of tobacco biopolymers (12, 13) . The present study was designed to utilize this fractionation procedure in order to determine and compare the cell wall biopolymer composition of five tobacco cultivars grown under two different cultural management systems. Both freeze-dried mature (i.e. ripe) and cured leaf samples were analyzed. One goal of this study was to gain insights into changes in cell wall biopolymer composition occurring during curing. In addition it was hoped that examination of analytical data for the different cultivars would reveal ranges of genetic variability for the cell wall biopolymers.
EXPERIMENTAL
The following ftve cultivars of Nicotiana tabacum L.
were grown and lyophilized or cured at the Virginia Polytechnic Institute and State University, Southern Piedmont Center, Blackstone, Virginia, during the 1982 crop year: Pennbel 69 (cigar ftller), Catterton (Maryland), Coker 319 (bright), Burley 21 (Burley), and Little Sweet Orinoco (sun-cured). Each cultivar was grown under both flue-cured and dark fire-cured management conditions (14) . For the flue-cured regime, samples for lyophilization and flue-curing were collected when the leaves in the mid-stalk position were judged to be mature (third harvest). For the dark firecured regime, samples for lyophilization were also collected when the middle leaves were judged to be mature, which was one day before the plants were cut to start the dark fire-curing process. Tobacco samples, whether lyophilized or cured, consisted of the lamina only from the middle leaf of each respective cultivar. Although the middle leaf might not represent the true mean for a particular tobacco cui- .
tivar, it was thought to be the least biased position for single-sample comparisons. When counted from the lowest leaf on the stalk, the middle leaf was the 8th leaf for Little Sweet Orinoco, the 1Oth or 11th leaf for Coker 319, Catterton and Pennbel 69, and the 12th leaf for Burley 21. The lamina to be lyophilized from matu~e tobacco leaves was frozen with dry ice immediately after harvesting. All the tobacco samples were ground to pass a 20 mesh screen. Cell wall biopolymer composition of the ground tobacco samples was determined by a slightly modified version of our standard fractionation procedure {13) shown in Figure 1 . The tobacco samples were initially Soxhlet extracted with 80% aqueous ethanol for 18 h to remove low molecular weight materials. The ethanol extracted tobaccos were then treated with the thermophilic amylase Termamyl• 60-L (Novo Laboratories) to remove starch. The Termamyl treated residues were then subjected to an alkaline extraction with 0.1 N KOH. · The alkaline extracted residues were then detergent extracted with cetyltrimethylammonium bromide in 0.1 N H 2 SO 4 and the residue from this final extraction was termed the insoluble fraction. The aqueous filtrates from the Termamyl• treatments and the alkaline extractions were combined, dialyzed (12,000-dalton molecular weight cut-off tubing) and lyophilized to produce tfte water-soluble fractions. The following analyses were performed on the indicated fractions to determine the various biopolymers. The starch content was determined by analysis of the initial tobacco materials. The amount of pectin in the tobacco was calculated from the uronic acid content of the ethanol extracted residues. The protein content was obtained by multiplying the total nitrogen content of the Termamyl• treated residues by the conventional factor of 6.25. The lignin content of the samples was calculated from the Klason residue values for the Termamyl• residues. The water-soluble fractions were analyzed for soluble hemicellulose and soluble ash. The insoluble fractions were analyzed for cellulose, hemicellulose associated with cellulose and insoluble ash. A more detailed discussion of the method of ·calculation of these values has been reported previously (12) .
RESULTS AND DISCUSSION
The major objective of the present study was to examine the range of composition of very diverse commercially grown tobaccos. The cell wall biopolymer compositions are summarized in Tables 1 and 2 on an "as is" basis,-i.e. no corrections were made for the weight loss that occurred during curing. In Table 3 a side-byside comparison is shown for the freeze-dried mature tobaccos under both cultural management conditions. It may be seen that for all five tobacco cultivars the levels of most cell wall biopolymers in the freeze-dried mature leaf do not vary significantly as a function of cultural management conditions. However, for Pennbel 69, Catterton, and Coker 319 changing from flue-cured
Table4. Comparison of cell wall biopolymer composition of tobaccos from flue-cured management
(all values expressed on a percentage dry weight basis).
Pennbel69
Catterton a: freeze-dried mature tobacco, corrected for weight loss that would have occurred during curing.
b: cured tobacco ("as Is").
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Little Sweet Orlnoco to dark fire-cured growing conditions relatively lowers the starch content by values between 32°/~ and 74% while increasing the quantity of ethanol solubles found in the mature leaf. It appears that increased nitrogen fertilization reduced the starch levels in these cultivars. Such an inverse relationship between starch accumulation and the use of nitrogen fertilizer has been reported previously for bright tobacco (15, 16) . For Catterton and Coker 319, the change to the dark fire-cured regime produced a significant increase in the aqueous solubles lost during dialysis. For these three cultivars it may be that a decreased production of starch is accompanied by an increased production of low molecular weight oligo-or polysaccharides that would be found in the ethanol solubles or aqueous solubles lost during di-. alysis. In addition, for these three cultivars the protein levels were increased under the dark fire-cured regime.
It is interesting to note for Burley 21 that the level of starch is low (~ 9%) and the level of protein is high (> 12%) in the freeze-dried mature leaf regardless of how the tobacco is grown. Thus for this cultivar it appears that genetic factors are predominant in controlling the cell wall biopolymer composition. Little Sweet Orinoco has starch concentrations in the freeze-dried mature leaf which are intermediate between those found for Burley 21 and Coker 319. It may be that Little Sweet Orinoco represents an "old line" tobacco from which other cultivars were developed. Certain general trends for changes occurring in the flue-curing process may be noted by examining Table 4 , which is corrected for weight loss resulting from curing. The corrections for the loss in solids caused by curing were calculated on the basis of total ash in the initial starting tobacco. For all the tobacco cultivars large decreases in starch values occur as a function of flue curing. This effect is a reflection of the well known conversion of starch to glucose. It is also clear that all the cultivars undergo degradation of protein during flue curing. In addition, all the cultivars except for Little Sweet Orinoco show increased values for Klason lignin after flue curing. Lignin is presently understood to be a three-dimensional polymeric natural product produced by an enzyme-initiated dehydrogenative polymerization of trans-coniferyl, trans-sinapyl and trans-p-coumaryl alcohols (17) . However, in the present fractionation procedure, the lignin value is defined to be the Klason residue corrected for both protein and ash contents. The Klason residue represents an H 2 S0 4 acid-insoluble subfraction of the Termamyl® residue. It is doubtful · that the flue-curing process produced any lignin.
Rather, it is thought that during the curing process, condensation reactions involving protein or glycoprotein generated acid-insoluble products and increased the Klason lignin values. Two of these same trends are also found in the dark fire-curing process, as shown in Table 5 . Every cultivar except Catterton demonstrates both a decrease in protein concentration and an increase in lignin concentration as a result of dark fire curing.
It is also apparent from an examination of Tables 4 and  5 that soluble ash tends to decrease and insoluble ash tends to increase as a function of curing, by either curing process. These changes in ash values may be indicative of structural changes occurring in the cell wall biopolymers. The soluble and insoluble ash values may reflect the levels of inorganics which are associated in some manner with the cell wall biopolymers. The increased levels of soluble ash for the cured samples suggest that pectin may have been converted from the methyl ester form to the ionic salt form which would bind calcium. Other, subtle differences may be discerned from the data in Table 5 (14) . The highest prfC.es as-· stgned were for the flue-cured cultivar (Coker 319) produced as flue-cured tobacco, but acceptable fluecured gradeS were assigned to many lots of sun-cured and Maryland tobacco (14) . From a comparison of the concentrations of starch, pectin, protein, 3nd cellulose in the five cultivars, as shown in Table 6 , it appears that a relatively high concentration of starch and relatively low concentrations of pectin, protein, and cellulose may be desirable for the production of flue-cured tobacco. The relationship between cell wall biopolymer composition and the production of dark fire-cured to-. bacco was less well defined. However, it was clear that: the Burley cultivar grown in Blackstone, Virginia, failed to produce quality tobacco under either the fluecured or dark fire-cured system.
